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ANNUAL MEETING 

The Amiiial Meeting of the National Academy of Sciences, India, was 
held in the Vizianagram Hall, Muir College Buildings, Allahabad, at 3 p. m., on 
Saturday, Marcli 5, 1938. Paudit Jawaharlal Nehru presided over the function. 
Di. P. L. Srivastava, M.A., D. Phil. (Oxou), one of the Geueral Secretaries, read the 
Annual Report of the National Academy of Sciences, India. 

Piof. B. Sahni, Sc.D., P.R.&., the President of the Academy, gave his address. 
Paudit Jawaharlal Nehru, then, delivered his address. 

Prof. M. N. Saha, D.Sc., F.R.S., proposed a vote of thanks to Pandit Jawaharlal 
Nehru and Dr. H. R. Mehra, Ph.D., seconded the vote. 

Earlier in the day Rao Bahadur B. VishAya Nath, F.I.C., Director, Imperial 
Agricultural Research Institute, delivered an address on Modern DevelopnieutsTn the" 
Science of Soil and Plant Nutrition in the Physics Lecture Theatre, Muir College 
Buildings. In the evening a symposium was held on the problem of Power Supply in 
the United Provinces. It was also presided over by Pandit Jawaharlal Nehru. 
Mail} clistiiigaifeheci scientists took part in the discussion which was opened by 
Prof. M. N. Saha, D.Sc., P.R.S. — — — i- 
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SECRETARIES^ REPORT 


Pretexted at the Annual MEETiNft of the National Academy of y€iEsr;Es, 

India, on March 5, 19^ 

By P. L. Srivastava, M.A., D. Phil. K,>xoNi 

We have the honour to submit the following report on the working of the 
Academy during the period beginning from 1st January, 1937 to 31st December, 
1937. 

The Sixth Annual Meeting of the Academy was held on Friday, the 15tli 
January, 1937 at 3 p. m. in the Vizianagram Hall, Muir College Boilrlings, Allahabad. 
Lt.-CoL R. S. Weir, M.A., B.Sc., I.E.S., Director of Public Instriictioo, United 
Provinces of Agra and Oudh, presided over the function. Dr. P. L. Srivastava, a 
Gener;il Secretary of the Academy, presented the annual report 

Prof. N. R. Dhar, D. Sc., Dr, Sciences, F.N.I, I.E.S., the outgoing president 
of the Academy, read his address after -which lA.-Col. R. S. Weir delivered his 
speech. Sir John Russel!, F.R.S., Director of Rotlmnisted Experimental Station, 
also gave an address on some aspects of agricultural problems of India, 

We are glad to be able to say that since its foundation the Academy has been 
making steady progress both as regards its membership and the standard of its 
publication. The Academy has now on its rolls 204 imunbers of whom 36 were 
elected to the membership during the year under review’. Our members are drawTi 
from every part of the country- The Academy under its constitution elects out of its 
members a certain number as its Fellows on account of their distinction in scientific 
work. The present number of our Fellows is 99 including 4 elected during the year. 
52 of our members are Fellows (»f the National Institute of Sciences of India. 

The Proceedings of the Academy have maintained its high level both in and 
outside the country — - the papers published in the journal have been widely appre- 
ciated and abstracted in all important Science Abstracts. We are now- receiving 170 
foreign and Indian seieotilic journals in exchange. We have published three issues 
of the Proceedings containing 28 papers during the year under review. The 
remaining part will be issued very soon. During tlie year the number of papers 
communicated to the Academy was 22. 

' A large number' of the members of our Academy took part in the Golden 
Jubilee Session of the Indian Science Congress. Of the distinctions conferred on 
the members of this Academy may be mentioned the presidentship of the National 
Institute of Sciences of India to which Prof. M. N. Saha has been elected and the 
chairmanship, held by our President, Prof. B. Salmi, of the Botanical Section of the 
joint session of the Indian Scipoee Conaress and the British Association for the 
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Acivaiiceiiieiit of Science held in Calcutta in January, 1938. Prof. J. G. Ghosh, who 
is a Fellow of this Academy and also a member of its Council, has been elected 

General President of the next Indian Science Congress. Four of our members 

Prof. Y. Bharadwaja, Dr. K. Rangadharrna Rao, Prof. M. R. Siddiqi, and the 

Hon'ble Sir Shah Muhammad Sidaiman have been admitted as Fellows of the 

National Institute of Sciences of India. 

The financial position of the Academy, we are sorry to say, has not been quite 
sound. are grateful to the Government of the United Provinces of Agra and 

Oudh for the grant we have been receiving for the last several years. We also 
gratefully acknowledge the grant of Rs. 500 by the Imperial Council of Agricultural 
Research for the second year in succession. We are indebted to the Allahabad Munici- 
pal Board for its grant of Rs. 80 and to Sir Shah Muhammad Sulaiman for a donation 
of Rs. 250. We hope that the grant made by the local. Municipal Board will be 
increased from this year. 

The paucity of funds has stood in the way of our enlarging the activities :of 
the Academy or taking up any new programme. Although there are many important 
foreign scientific societies eager to exchange our Proceedings with their publications, 
we are not in a position to send our Proceedings to all of them as the finances do 
not permit us to do so. For the same reason we have not yet been able to organise 
a properly equipped science library. The need for a building* of the Academy in 
which we can house our library, which is rapidly increasing in size, and hold our 
meetings, is urgently felt. We appeal to all who consider scientific advancement 
as essential to the country's wellbeing to help the Academy so as to enable us to 
enlarge and extend its activities. 

All the meetings of the Academy have been held at Allahabad. during the year 
except one which was held at Lucknow. We are anxious to hold meetings in other 
places as well. It is hoped that with the increase in the number of members residing 
at. other academic centres the meetings will, in future, be held at other places also. 

The Education Ministers Gold Medal has been awarded to Dr. M. R. Siddiqi, 
MA., Ph.D., Professor of Mathematics, Osmania University, Hyderabad, Deccan, his 
paper having been judged to be the best published in Mathematics and Astronomy 
in the journals of the Academy. 

The Academy sent its representatives to the jubilee celebrations of the 
University of Allahabad and the Indian Science Congress. 

We are sorry to record the death of a distinguished member of the Academy, 
Dr. K. P. Jayaswal, a savant and a famous orientalist. 

Dr. Dsha Nath Chatterji continued to be the Special Officer of the Academy 
throughout the year. 

We wish to express our thanks to the Office-bearers of the Academy, Members 
of the Council and the Special Officer for their active cooperation. 



ADDRESS OF THE CHAIRMAN 

I H'LlVftREl) AT THE AnNTA!. MeKTJNH <>F THE NaTH.iNAL 
A<^ut:my of SrfEXCEs, [noia, «>x MAiini a Ak:s 

By Fanbit Jawahaih.al Neiiih,^ 

Friexb.s' 

You are iiteii of loarninf^ and inruiy of you luivo distiugiiisliocl reooitl* in the 
reidiii of scieiiee. Yet you have honoured me, an outsider, with tm iiivitatioii to 
participate in this amuial gathering of yours and I have most willingly accepted 
that invitation. Science and acadcinie halls have not known me for many a long 
yeary'aiid fate and cireumstauee have led me to the dust and din of the market- 
place and the field and the factory, wliere men live and toil and suffer. I have 
become involved in the great human upheavals that have shaken in recent years 
this land of ours. Yet in spite of the tumult and moA’emeiit that have surrounded' 
me, I do not come to you wholly as a stranger. lYr I too have WTirsliifilied at the 
shrine of science and counted myself as one of its votaries. 

Who indeed can afford to ignore seieneo today'? At every turn we lia.ve to 
seek its aid and the whole fabric of the world today is of its making. During the 
ten thousand years of human civilization, science came in witli one vast sweep a 
century and half ago, and during these 150 years it proved more revolutionary and 
explosive than anything that had gone before. who live in this age of science live 
in an environment and luider conditions which are totally different from those of the 
l^re-scientific age. But few realise this in its completeness, and tliey seek to under- 
stand the problems of today by a reference to a yesterday that is dead and gone. 

Science has broiiglit all these mighty changes and not all of them have been 
for the good of humanity. But the most vital and hopeful of the changes that it has 
brought about has been the development of the scientific outlook in man. It is true 
that even today vast numbers of people still live mciitally in the pre-seientiffc age, 
and that most of us, even wlieii we talk glibly of science, betray it in our thoughts 
and actions. Even scientists, learned iii tlieir particular subjects, often forget to 
a|,)p!y the scientific method outside that charmed sphere. And yet it is the scientific 
method alone that offers hope to mankind and an ending of the agony of the world. 
This Avorld is racked by fierce conflicts and they are analysed and called by many 
names. But essentially the major conflict is between the method of science and the 
methods opposed to science. 

In the early days of science tlicre was much talk of a conflict between religion 
and science, and science was called materialistic and religion spiritual. That conflict 
hardly seems real today when science has spread out its wings and ventured to 
make tlie whole universe its field of action, and converted solid matter itself iiito 
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airy nothing. Yet the conflict was real for it was a conflict between the intellectual 
tyranny imposed by what was deemed to be religion and the free spirit of man 
nurtured by tlie scientitic method. Between the two there can be iso compromise For 
science cannot accept the closing of the windows of the mind, by whatever pleasant 
name this might be called ; it cannot encourage blind faith in someone else's faith 
Science therefore must be prepared not only to look up to the heavens and seek 
to bring them under its control, but also to look down, unafraid, into the pit of hell 
To seek to avoid either is not the way of science. The true scientist is the sage 
unattached to life and the fruits of action, ever seeking truth wheresoever this 
quest miglrt lead him. To tie himself to a fixed anchorage, from which there is 
no moving, is to give up that search and to become static in a dynamic world. 

Perhaps there is no real conflict between true religion and science but, if so 
religion must put on the garb of science and approach all its problems in the 'spirit 
of science. A purely secular philosophy of life may be considered enough by most 
of us. Why should we trouble ourselves about matters beyond our ken when 
the problems of the world insistently demand solution? And yet that secular 
philosophy itself must have some background, some objective, other than merely 
material well-being. It must essentially have spiritual values and certain standards 
of behaviour, and, when we consider these, immediately we enter into the realm of 
wlmt has been called religion. 


But science has invaded this realm from many fronts. It has removed the 
line that was supposed to separate the world of things from the world of thono-ht 
matter from mind ; it has peeped into the mind and even the unconscious self of man 
and sought the inner motives that move him ; it has even dared to discuss the 
nature of ultimate reality. The reality of even a particle of matter, we are told, 
is not Its actuality but its potentiality. Matter becomes just a “ group agitation" 
mid nature a theatre for such agitations or “ for the inter-relations of activities." 
Everywhere there is motion, change, and the only unit of tilings real is the ‘ event' 
which IS, aiid instantaneously is, no more. Nothing is except a happening. If this 
IS the late of solid matter, what then are the things of the spirit ? 

_ How futile the old arguments seem in view of these astonishing developments 
111 scientific thought ! It is time we brought up our minds in line with the progress 
of science and gave up the meaningless controversies of an age gone-by. It is true 
that science changes and there is nothing dogmatic or final about it. But the method 
ot science does not change and it is to that we must adhere in our thought and 
activities, m research m 

someth^ff 7 ^ soap-bubble universe, but that speck of dust contained 

and m d -1 It T r T has grown 

re^l“ fror Tl, 7^ bowels as 

T7ell as from the thunderbolt in the skies, It has tried to fathom the secrets of the 



( 5 ) 


tiiiivetse anil brought the vajj^arie^ of nature to it.s ii-e. More woii(h‘rfii! iliari 
the earth and the heavens is this mind and spirit of man whieh ever ^rows ini^aiitier 
and seeks fresh worlds to conquer. 

That is the task of the scientist, but we know that al! scientists are ii«T 
cd in the heroic mould, nor arc they the philosopher-kin^^s cd’ whom Plato told us in 
the days of old. Kingliness might not be theirs but even |)hiloso|/liisiiig is often 
lacking, and the day^s task follows a narrow spiiere and a dull routine. As they 
specialise, and specialise they must, they lose sight of the hirger ijietiire aiid become 
pedants out of touch with reality. In India the politicai conditions iriKl<*r whieli we 
have had the misfortune to live have further stunted their growth and proveiitedtlKun 
from playing their rightful part in social progress. Fear has often gripped them, as it 
has gripped so many others in the past, lest by any activity or even thought of tlieirs 
they might anger the government of the day and thus endanger tlicdr security and 
position. It is not under these conditions that science flourislies or scientists |>rosper. 
Science requires a free environment to grow. When applied to social |)iirposes, it 
requires a social objective in keeping with its method and the spirit of the age. 

That fear complex which oppressed India has happily disappeared to a large 
extent owing to the activities and movements initiated by oiir great organization, 
the National Congress, and even the i>oor hungry and miserable peasant has n franker 
look toda,y and a straighter back. It is time that the sliadow of that .fear and 
apprehension vanished from our academic halls also. 

We have vast problems to face and to solve. They will not be solved by the 
politicians alone for they may not have the vision or the expert knowledge ; they 
will not be solved by the scientists alone for they will not have the powxu* to do so 
or the larger outlook which takes everything into its ken. They can and will be 
solved by the cooperation of the two for a wxll-defined and definite social objective. 

That objective is necessary for without it our efforts are vain and trivial and 
lack coordination. We have seen in Soviet Russia how a consciously hf‘!d objective 
backed by coordinated effort can change a backw’ard country into an advanced 
industrial State with an ever-rising standard of living. Some such method we shall 
have to pursue if we are to make rapid progress. 

The greatest of our problems is that of the land, but intimately connected with 
it is that of industry. And side by side with these go the social services. All of 
these will have to be tackled together and coordinated together. That is a vast 
undertaking but it -will Iiave to be shouldered. 

Soon after the formation of the Congress Ministries, in August last, the Working 
Committee of the Congress passed a resolution whicli should interest scientists 
and experts. I should like therefore to draw your attention to it. It ran thus : 
fl ‘‘The Working Committee recommends to the Congress Ministries the 

appoiiitnient of a Committee of Experts to consider urgent and vital problems 
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the solution of wliicli is necessary to any scheme of national reconstruction 
! and social ])laiining. Such solution will require extensive surveys and the 

1 collection of data, as well as a clearly defined social objective. Many of 

these problems cannot be dealt with effectively on a provincial basis and the 
interests of adjoining provinces are interlinked. Comprehensive river surveys 
are necessary for the formulation of a policy to prevent disastrous floods, to 
utilize the water for purposes of irrigation, to consider the problem of soil 
erosion, to eradicate malaria, and for the development of hydro-electric and 
other schemes. For this purpose the whole river valley will have to be sur- 
; vcyed and investigated, and large-scale State planning resorted to. The 
j development and control of industries require also joint and coordinated action 
on the part of several provinces. The Working Committee advises therefore 
that, to begin with, an inter-provincial committee of experts be appointed to 
consider the general nature of the problems to be faced, and to suggest how, 
and in what order, these should be tackled. The Expert Committee may 
‘ suggest the formation of special committees or boards to consider each such 
problem separately and to advise the provincial governments concerned as to 
the joint action to be undertaken.^’’ 

The rest of the resolution dealt \Yith the sugar industry. 

Something has been done in this respect, a Power Alcohol and other committees 
have been appointed, but I wish more had been done. I should like an aggressive 
and widespread tackling of our problems by experts. I should like museums and 
permanent exhibitions for the. education of our masses, especially the peasantry, to 
grow up in every district I remember the wonderful peasant museums I saw in the 
U.S.S.K., and compare them with the pitiful agricultural exhibitions that are organised 
here from time to time. I remember also vividly that splendid and astonishing 
museum, the Deutsches Museum at Munich, and wonder rather wistfuliy when some 
such thing will grow up in India. 

It is for this Academy of Sciences- to take a lead in all sucli matters and to 
advise the Government thereon. The Government should cooperate with them and 
! help them and take full advantage of their expert knowledge. But the Academy must 
■ not just wait for the Government to give it a push every time. We have got too 
; much into the habit of waiting for Government to take the initiative in every thing. 

; It is the business of the Government to take the initiative, but it is also the bnsiiiess 
I of the scientists to take the initiative themselves. We cannot wait for each other. 

^ We must get a move oii. ' “ 

I And so, having taken up so much of your time, I commeiid you to your labours, 
j and hope that you will have the privilege of serving India and o£ helping in the 
progress and advancement of her people. = ; . ‘ 



MODERN DEVELOPMENl\^ IN THE HVIE^CE OF 
SOIL AND PLANT NUTRITION 

LfXTURE, illustrated by lantern slides, delivered at illE TtII AXM'AL 

MEETING OF THI*: NATIONAL ACADEMY OF SCIENCES ON THE 5TH ^^IaRCIL 

By B. Yjsm'a Nath 

Imperial Agricultural riESKAECii Institutit New Delhi 

In asking me to address this Annual Meeting of the Aeadeiny. onr distingiiislied 
President, Professor Sabni, desired that the subject of my address should be 
one of my personal research and that it should be of national and praciica! interest. 
No apology is, therefore, needed if I make my main theme ‘the inie ol organic 
matter in soil and plant nutrition’, a subject of intense interest at the iireseiit 
moment. It is in itself a vast subject for a single lecture. I must therefore coniine 
myself to one aspect of it which deals with substances which stimulate and regulate 
growth and development in plants. These substances are knoivii as plant liormones, 
and the remarkable developments that have taken place in recent years are such 
as to revolutionise our views in plant physiology and chemistry and to necessitate 
a revision of our ideas in the nutrition of field crops. 

For the pi'Oper appreciation of the development of this newer knowledge in the 
fields of plant chemistry and plant pdiysiology, I must ask you to look back a 
century. Till about the year 1840, the humus theory of plant nutrition was in vogue 
and the view was held that plants should be nourished only by substances of a 
similar nature. In 1840, Liebig' analysed ashes of plants and manures and rfiowcrd 
that plants could utilize and thrive ou mineral salts, lie attributed the efiecth eiiess 
of farmyard manure or cattle manure to the mineral salts of potassium, phosphorous, 
sodium, niaguesiuiii and calcium contained in it substances also foiual in plants. 
From the practical point of view this mineral theory of plant mitiition had simplified 
the problem of manuring crops. It was evident that all tlie constituents found 
in the ashes of plants need not always be supplied to the soil, and tliat it would be 
enough if the constituent indicated, by a chemical analysis of the soil, as inadequate 
or lacking was restored. The imoblem of soil and plant nutrition was so simple 
and scientifically convincing that it was a landmark and turning-point in the history 
of soil science and iilant nutrition. 

These ideas of clKunical treatment of soil rapidly gained favour and fioiirished, 
and gave rise to the huge industry of artificial or elnmucal fertilisers. Ammoiuiim 
sulphate, sodium nitrate, phosphates of calcium (superphosphates) and potasli 
salts have found extensive use as fertilisers for all crops. In the earlier years, good 

crops could be obtained year after year by the use of ailiticial fertilisers only iUid 

7 
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without the use of farmyard manure or cattle manure as was done before. It was, 
therefore, held that artificial and chemical fertilisers could substitute farmyard manure. 

Sabseqiient experience has, however, shown this view to be wron|>\ From field 
experiments over long periods, it has been observed that although artificial fertilisers 
give larger yields in the beginning, they ultimately become lower than those obtained 
from farmyard manure. 

It is further realised that farmyard manure, composts, green manures and other 
organic manures have in them something w^hich cannot be explained in terms of 
nitrogen, phosphate, potash and humus they contained. 

As farmyard manure and other organic manures were regaining their lost 
reputation, developments were taking place in the science of animal nutrition. The 
discovery of vitamins, with which we are familiar and which we understand as 
certain essential factors in the food of animals and human beings for growth, deve- 
lopment and for the maintenance of health, opened up a new epoch and a new field 
of research in animal nutrition. Two important facts have been established in regard 
to the vitamins. One is that the animal kingdom depended on the plant kingdom 
for the supply of vitamins. The other is that vitamins found in animal products 
(c.f/., milk) and in animal tissues (e.^., liver) have their origin in the plant world. For 
instance, the liver of the Cod Fish, wdiich gives us the well-known Cod-liver oil which 
is prized for its vitamin A content, may be mentioned. Drummond and Zilva° (1922) 
have traced the source of vitamin A to the minute chlorophyllaceous diatoms which 
float on the surface layers of the sea. 

Very little was known, if anything was known at all, of the origin of vitamins 
in plants. It was believed that the production of vitamins in plants is a character- 
istic feature of their metabolic activity. It was not recognised till recently that 
plants also required accessory nutritional factors for their growth, similar to vitamins 
for animals, although suggestions to that effect were made from time to time from 
the results of experiments with micro-organisms such as yeast, bacteiia and fungi, 
which are members of the lower orders of the plant kingdom. 

Wildiers^^ (1901) observed that yeast when inoculated into a medium containing 
inorganic salts and sugars did not grow and ferment until a substance which he termed 
bios was made available in the culture. This could be done either by extraneous 
additions or by liberation from the older and dead cells in the culture. This obser- 
vation could not always be verified until Coping'^ (1929) had showm that only yeasts 
which were highly cultivated needed the addition of bios for their development on 
artificial and synthetic media, and that wdld yeasts did not require this growth factor. 
C oping s results are of interest and significance in regard to the higher cultivated 
plants, which, as will be seen later, respond to the external supply of growdh factors, 
beveral investigators have subsequently recorded improvement in the growth of 
micro-organisms on the addition of vitamins or extracts known to contain vitamins. 



BottoEiley^ (1914) and Mockeridge^'^ (1917) %vere the lirht to make direct ex|ier!iiii*iits 
and to observe the growth promoting eifect of organic s^ibstaiiccs on higher piaiits* 
Their experiments were with afpuitic plants in water cultures, in which tiicn* 
small amounts of water extracts of bacterised peat and fermented iriaiiiires. They 
considered that these extracts contained growth substances acting in a nianiier similar 
to vitamins for animals, and concluded that these growth-promoting substances whieli 
they called ''amimones'^ (Gr. promoting growth) were as essentia! to plants as 
vitamins were for animals. Mockeridge^^ (1924) in a later eommniiication, however, 
modified her views and abaodoiied the auximone theory. 

Viswa Nath and Siiryanarayana^ (1927), in association with ilcCarrisoin have 
gone a step further. They carried out their experiments with the important Indian 
food plants and under field conditions. They confirmed Bottomley’s fiiidliigs. In 
addition they demonstrated, for the first time, the existence of a cycle of growth 
factors in nature. 

A very important and new observation made by Viswa Nath is that mamirial 
and fertiliser applications are capable of reacting on plants not only by improving 
yields, but also by affecting the quality of the resulting seed. Using wheat 
and millet seeds raised separately w’ith artificial fertilisers and caittle manure, 
a better crop was obtained from seeds raised with organic manures. Using the same 
seeds in experiiuents carried out in association wuth McCarrison, it w.as observed 
that the nutritional value of the crop was afibeted simihirly. ]\Ie(VaTison found that 
the vitamins, essential for growth, were lower in gniin from miinaniired or chemical 
manured plots than in grain grown with organic manures. Other repeated experiments 
at Coimbatore and Pusa and by others elsewhere liave corroborated tlicse and have 
shown that the nutritive value of the crop is directly controlled by the organic 
manure used. 

The observation that the same seed as has given higher nutritive value has also 
given a better seedling and plant, has been followed up. For example, the grain 
raised with organic manure -was richer in some constituent that stimulated plamt 
growth and also richer in vitamin. It appeared that the plant growtli stimulant and 
vitamin might be eitlier the same or at least interrelated, so that the stimulant wmiild 
enable the -plant to form vitamin. Experiments carried out with extracts of farm- 
yard manures and composts sho^ved that wdth greater decomposition of the manure 
the amount of plant growth stimulmits in the seed increased. Several other experi- 
ments with various fermented substances and j^east extracts ])roduced stimulation 
in growth and flowering and seeding. From these and other experimental results, 
Viswa Nath suggested that micro-organisms are also concerned, and that the chain 
reaches from the bacteria at the start, through the organic matter and its plant 
stimulating substances, the vitamins produced in the plant, to the other end, namely, 
its utilisation by animal life, and finally going back to the soil, to go another round in 



( 10 ) 


the chain.' To put it briefly a new cycle, the growth factor cycle, micro-organisms mm 

oro’anic matter-plant-animal-raicro-organisms cum organic matter, has been defined. 

In a later commimication (1932) Viswa Nath submitted further evidence and 
after a critical discussion of this and other data observed that the response to vita- 
mins and the capacity to synthesise these appeared to be universal from the simplest 
unicellular organisms to the most complex multicellular animals, and reiterated that 
plants and bacteria do normally require auximones or vitamins and that if they can 
get them in a readily available form they utilize them and if not they exercise their 
powers of synthesis. 

As would be expected, the new interpretation of the role of organic matter 
has not received universal acceptance. Although agricultural and horticultural 
investigators hold organic manures, particularly farmyard manure and composts, in 
high esteem, they were not prepared to accept the new view, as the transition from 
the realm of pure Chemistry into that of Biological Chemistry was sudden. 

That was the position ten years ago. Between then and now, there has 
accumulated evidence which adds sti-ength to Viswa Nath’s hypothesis. At several 
places in and outside India, the effect of manurial treatment on the quality of the 
crop and its nutritive value has been confirmed and the connection between soil 
fertility and nutritive value of crop is growing stronger. Evidence is also forthcom- 
ing that a heavier crop does not always provide a larger food value. Neatby and 
McCalla^’ (1938) have shown that high-yielding varieties of wheat and barley have 
a marked tendency to be constitutionally low in protein content. These investiga-. 
tors consider that, while varieties characterised by moderately high yield and - high 
protein content are known, it is doubtful whether in plant breeding the maximum 
possible yield can be combined with maximum possible protein. 

Viswa Nath’s hypothesis is also gathering strength on the theoretical or the 
purely scientific side. It would appear from a discussion^ on ‘ growth factors’ held 
by the Royal Society of London in the summer of 1937, that the position has been 
clarified and the existence of growth factors for plants has been recognised. Re- 
porting the discussion in ‘Nature’,' that journal observes that the case established 
in the nutrition of animals is equally established in the nutrition of the most diverse 
varieties of cells ; namely, that all cells from the lowliest bacterium to the cells of 
the highest animals are enabled to carry out the series of reactions leading to the 
production of energy and growth, only by the agency of other substances mostly of 
a nature akin to those already described in animal metabolism — vitamins. 

Went (1927)'® has shown that the growing tips of oat seedlings contained 
a substance possessing growth promoting properties. He called this substance 
auxin (Greek-iucrease). Since then innumerable investigators at sevmral places 
reported auxins from several sources. Kogl” and his associates (1931 — 33) isolated 
auxins in a eiystalline fornr from v'arious sources such as urine, maize oil. 



malt and yeast. Xchriii"^'' (1036) reported oeeiirreuee of these siilistanees in fie* 
urine of pregiiaiit marcs. Their occurrence is reported in farrnyard maiinrc am! 
li(|uid manure also. 

At |3resent three substances have been isolated from natural sfuuees and tlufir 
chemical characteristics have been studied. They are auxin A, auxin B and lietero- 
a-uxin. The first two are acids but possess difibrent chemical strnetiires. These are said 
to have been obtained from plants. The third, hetero-auxin, is identical with j3-in- 
dole acetic acid and plants do not appear to contain this. It has been obtained from 
urine, certain moulds and yeasts. Owing to the existence of eertain similarities in 
the action betw^een animal hormones and auxins, the latter are called phytohorniones 
or plant hormones. How far this nomenciatiire is justified remains to be seen. 

The literature on auxins or phytohormones has developed rapidly and consider- 
ably. These have been shown to play a definite role in many life processes of plants 
such as cell division, plasmatic growth, eel! extension or elongation. Tliey are also 
shown to be concerned in photoperiodism, geotropism and in the regulation of the 
growth of plants in many ways. Indeed, the developments in this line have been 
so rapid that already several chemical substances have been prepared synthetically 
and these are reported to induce in plants phy.siological effects similar to tlie natural 
substances. 

KogB' (1938) in the course of a discussion on growth factors has suggested the 
existence of a cycle of growth substances in nature. He has illustrated the sugges- 
tion by an experiment in wdiicli neither Folijporoiif^ admiia^ nor ^einaiospc/ra gossgpii 
is able to grow in a synthetic medium ; when inoculated together they develop. He 
considers that apparently Poly porous supplies biotin (of yeast), whilst \euu'itospora 
furnishes aneiirin (vitamin Bi). 

According to Bonner^ (1937) and Robbins^ ^ (1937), aneiirin (vitamin Bi) func- 
tions as a hormone of root growth. These workers find that, under normal condition^ 
the extremely small amounts of aneiirin recpiired for root growth are supplied by 
other parts of the plant. Without aneiirin or its derivatives no root development 
possible. This is suggestive that aneiirin is the limiting factor for root development 
on cuttings. The work of Went-*" and associates (1938) provides support to this view 
in demonstrating that if aneiirin is made available at the proper time root develop- 
ment is greatly increased in cuttings. KogB’ observes that we are induced 

to realise that aneiirin (vitamin Bi), which is of such essential importance for the 
normal proceeding of the chemical processes inside the nerves, is also of pli> siologica! 
importance for the rice grain itself. RamialH^ (1938, private communication) has 
observed thicker aleiiroue layer in rice grains grown with organic manures. 

The work of ThimmaiH*^ (1934) and the more recent work of Link (193 ^ ) and 
of Link'* and associates (1937) indicates the role of micro-organisms as contributing 
factors for stiniulating and regulating plant processes. Hetero-nnxm has been 

F.3 
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identified as a constituent of ether extracts of cultures of Bhixobimn pJ/aseoli (legume 
nodule forming organism}. Link® (1937) in a later communication to ‘ Nature ’ brings 
forward evidence and has suggested that the beneficial effects of green-manuring, duiig, 
urine, compost and humus soils may be due to hetero-auxin and similar substances. 

This account, though brief, is enough to indicate the trend of modern research 
and thought in the field of soil and plant nutrition. It provides striking confirmation 
to the observation made by Viswa Nath and associates ten years ago. From the 
purely philosophical point of view, the evidence tends to reveal continuity and unity 
in the apparently discontinuous and diverse manifestations of nature. From the 
practical point of view, there is new knowledge and new outlook in the nutrition of 
soils and plants which may enable us to control the products of plant metabolism by 
suitable manuring for the benefit of animal and human nutrition. This is of parti- 
cular importance in the case of Indian soils which are notoriously poor in organic 
matter. As regards crop plants, food crops especially, the observation of Coping* 
made earlier in this lecture in regard to highly cultivated yeasts, is of significance 
in the case of highly cultivated plants. In a country like India, where grain 
and in several cases single grain forms the bulk of the diet of the bulk of the 
population, it is obvious that reinforcement of the food value of the diet should be 
at the source. It does not necessarily follow that the largest crop is the best. A 
heavy crop lacking in vitamins and suitable proteins will have a lower food value 
than a lighter crop properly grown. 
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VOTE OF THAXKS 


To Pandit Jawahahlal Nehru, Chairman of the SKVEX'i'ii Annual 'MKiaiSi. 

OF THE National Academy of Soienceh, India, iies.d on Mmuii a, lli:;S 

By M. X. Saha, D.Sc., P.E.S., and H. E. Mehra, Ph.D, 

Proposing a vote of thanks to Pandit Jawaliarla! Xelirn, on belia!l: of the 
Xational Academy of Sciences, for accepting their invitation to preside over the 
annual function, Prof. M. X. Saha said : — 

■ Tt was in the iitness f>f things that Pandit 4a,wahu»rlal has agreed to preside 
over this annual gathering of scientists in India. Tlis ]Kssition in tlie country can be 
described by a phrase which Americans use with respect to Abraham Lincoln: First 
in War, first in Peace, and next to Mahatma Gandhi, he o(*cupies the first place in the 
hearts of his throe Imndrod and fifty million countrymen. 1 he time lias now 
come for him to give a lead in peaee~tim(‘ work of reconstruction and consol idation 
of the country. 

Both war and peace had got their own problems, but p(au*e-time problems were 
more exacting than war-time ones. For blunder during war-time was to some extent 
inevitable, and excusable but peace-time blunders were of more serious conseciuerice 
to the nation. The Congress having accepted office, wore face to face with peace- 
time problems. It seemed to him that their work of national reconstruction was 
being handicapped by some fetishes w^hich they raised, probably as a war-time 
measure. But no progress could be made unless they got rid of those fetishes and 
attacked the problems from a realistic point of view. And science was not science 
if it hesitated to call a fetish other than a fetish, of wdiieli tliero were too many in 
this country. They would probably agree that in tiie reconstruction -of the nation, 
science was to play a very significant part. The Government would have to devise 
ways and means for tlie organization of work for the production and distribution 
of the commodities needed for the sustenance of the nation and proper utilization 
and conservation of the nation\s resources. The cooperation of scientists would 
be needed for that work. If scientific men and teclmieians did not exist for the 
development of any line of work, they had to be created out of the rising generations. 

The first attempt at the organization of scientific life in these provinces was 
barely seven years old, when the Xational Academy of Sciences was started with the 
co-operation of the leading scientists of this province, and under the active and 
personal encouragement of the late Governor, Lord Hailey. It had not fulfilled all 
the ideals with which it started—iii fact but for the reading of original papers and 
their publication, it had discharged very few of the functions of a Xational Academy. 
If it was to discharge those fuiictioiis, it should not be merely nii association of 
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scientists on a voluntary basis, but should be assigned a definite task, should be 
invested with proper authority, should have a pernianent home and a permanent 
secretariat. Even if this Academy be not granted those rights and privileges, the 
national government would soon have to create another body with identical objects. 

He thought that if the Academy was re-transformed, according to the ideas he 
had pi'opounded, it could render as great a service as the Russian Academy of 
Sciences did for the reconstruction of Russia, or the Royal Society was doing for 
the maintenance of the industrial superiority of Great Britian. 

Seconding the vote of thanks Dr. H. R. Mehra said: — 

I have great pleasure in seconding the vote of thanks proposed by Dr. M. N. 
Saha. We have got amongst us today a great politician, who has taken the trouble 
to come here and eticourage us by his presence. 



APPENDIX 1 

Abstract op tpie PROCEEDixiis 


The Council resolved that Prof. N. R. Dhar and Prof. P. 8. MaiAIrihoii Iji* 
nominated to the council of the National Institute of Sciences India, for the year 
1937 as Additional Viee-President and Additional Member respectively on lahalf of 
the National Academy of Sciences, India. 

The Council resolved tluit the size of tlie papers submitted for pulilieation in 
the Proceedings of the National Academy of Sc.deiiees l>e limited seven |)riiited 
pages of the Proceedings. 

The Council elected, as re|)resentativos of the .\(*ad(*!ny. Prof. S. S. Bhatiiagar, 
D.Sc., O.B.E, F.N.L, l)ire<*tor, Chmaieal Laboratories, Punjab I'luversity, Lalmre, 
and Mr. tC Cliatterji, M.Se., Meteorologist, Upper Air Observatory, Agra, to the 
Fiftieth Anniversary of the Foundation of tiie University of Allahabad. 

The Council elected the following members to rej)resent the Acaideiiiy at the 
Silver Jubilee Session of the Induui Science Congress:— 

The HoiPble Sir S. M. Salaiman, Kt., LL.D., ,F.N. L, Judge, Federal Court of 
India, Ne\v Delhi, 

D. R. Bhattacharya, D.Sc., Ph.D., F.N.L, Professor of Zoology. Allahabad 
University, Allahabad. 

A. C. Banerji, M.A., M.Sc., F.R.A.S., F.N.L, Professor of Mathematics, Allah- 
abad University, Allahabad. 

Shri Ranjan, D.Sc., Reader in Botany, University of Ailaliabad, Allalmbad.. 

\ iiie following members were elected Fellows of the Aeadeiuy in the Fellows’ 
Meeting held on December IS, 1937. 

G. R. Toshniwal, D.Sc., Plij’sics Department, Allahabad University, Allahabad. 

P. K. Sen Gupta, D.Sc., Professor of Physics, Rajaram College, Kolhapur 
(Bombay). 

A. B. Misra, D.Sc., I) Pliih, Professor of Zoology, Hindu University, Benares. 

Rajnath, Ph.D., Professor of Geology, Hindu University, Benares. 

The following members were elected Oflice-bearei's and Members of the Council 
of the Academy for the year 1938. 

President 

B. Salmi, D.Sc., Sc.D., F.R.S., F.N.I. 

Y ic'e-Presidents 

D. R. Bhattacharya, D. Sc., Ph.D., F.Z.S., F.N.L 

The HoiPble Sir S. M. Sulaiman, Kt., M.A., LL. D., F.N.I. 



( 16 ) 

Hosy. Teeasuiieij 
H. K. iMeln-ii, Ph.D., F.N.I. 

GeNEEAE tSECEETAEIEIi 

S.M..Sanc, BSc., Ph.D. 

P. L. Srivastav'ii, M.A., D. Phil., P.N.I. 

Foeeigx Seceetaey 

M. F. Saha, D.Sc., F.R.S., F.N.L 

Membees of the Councii. 

S. B. Dutt, I). Sc., P.R.S., F.N.I. 

N. R. Dhar, D.Sc., F.I.C., I.E.S., FFf.I. 

J. A. Strang, M.A., B.Sc. 

K. N. Bahl, DSc., D.Phil., F.N.I. 

Shri Ranjan, D.Sc. 

J. C. Ghosh, D.Sc., F.N.I. 

A. C. Banei’ji, M.A., M.Sc., F.R-xi.S., I.E.S., P.lSi.I 
Sam Higginbottom, Ph.D. 

S. K. Banerji, D.Sc., F.N.I. 
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Opfice Bearers and AIembees of the Cofncil fdr the A'ear P* 

PliESfDKNT 

B. Sahni, D.Sc., Se.D., F.R.S, F.N.I. 

Vice Presidents 

D. R. Bliattacharya, Ph.D., D.Sc., F.Z.S., J^'.N.I. 

P. S. AlacMahoa B.Sc., M Sc., F.I.C., F.N.I. 

Homy. Treascrer 

H. R. Alehra, Pli.D., F.N.I. 

Genera E Secret.vries 

S. M. Sane, B.Sc., Ph.D. 

P. L. Srivastava, M.A., D.Phil., F.N.I. 

FoREifi.N Secretary 
AI. N. Saha, D.Sc., F.R.S., F.N.I. 

AIembers of the Cofncil 

The Hon’ble Sir Shah Aluhammad Sulainian, AI..V., LL.D., F.N.I. 

N. R. Dhar, D.Sc., F.I.C., I.E.S., F.N.I. 

George Alatthai, Sc.D., I.E.S., F.N.I. 

K. N. Bahl, D.Sc., D.Phil., F.N.I. 

Shri Ranjan, D.Sc. 

J. C. Ghosh, D.Sc., F.N.I. 

C. W. B. Normad, D.Sc., F.N.I. 

A. C. Banerji, ALA., AI.Sc., F.R.A.S., I.E.S., F.N.I. 

P. K. Parija, ALA., B.Sc., I.E.S., F.N.I. 
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List of Membees 


-Denotes n, fellow 


f— Denotes a Fellow of the National Institute of Sciences of India 


Date of 
Election 


Alphabetical List of Members 


31-10-35 Agarwal, Rai Amar Nath, Bari Kothi, Daraganj, Allahabad. 

20-4-36 * Ahmad, Ziauddin, D.Sc., Vice-Chancellor, Muslim University, 

Aligarh. 

20-4-35 t * Ajrekar, Shripad Lakshman, B.A., I.E.8., Professor of Botany, 
Gujarat College, Ahmedabad. 


17-4-31 

10-5-35 


1-1-30 


1-1-30 

29-2-32 

22-12-32 

10-5-37 

20-4-36 

17-4-31 

31-10-35 

19-3-31 

17-4-31 

15-9-37 


* Asundi, R. K., Ph.D., Reader, Physics Department, Muslim Univer- 

sity, Aligarh. 

t * Ayyangar, G. N. Rangaswami, Rao Bahadur, B.A., I.A.S., Millets 
Specialist to the Government of Madras, Agricultural Research 
Institute, P.O. Lawley Road, Coimbatore, 
t Bald, K. N., D. Phil., D.Sc., Professor of Zoology, Lucknow 
University, Lucknow. 

T Banerji, A.G., M.A., M.Sc., P.R.A.S., I.E.S., Professor of Mathema- 
tics, Allahabad University, Allahabad. 

Banerji, G.N., The Scientific Instrument Company, Ltd., Hornby 
Road, Bombay. 

t * Banerji, S. K., D.Sc., Meteorologist, Ganeshkhind Road, Poona 5 
Bari, Abdul, M.Sc., Lecturer in Botany, Osmania University, 
Hyderabad, Deccan. 

* Basil, N.M., D.Sc., Bakshi Bazar, Dacca. 

Basil, Saradindu, M.Sc., Meteorologist, Ganeshkhind Rond, Poona 5. 

I '' Bharadwaja, Yajnavalkya, Ph.D., Professor of Botany, Hindu 
Lhiiversity, Benares. 

* Bhargava, Saligram, M.Sc., Reader, Physics Department, Allahabad 

University, Allahabad. 

Bhargava, Vashishta, M.Sc., I.C.S., Sessions and Subordinate 
Judge, Agra. 

Bharucha, F.R., B.A., M.Sc., D.Sc., Professor of Botany, Royal 
Institute of Science, Bombay. 
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Date of 
Election 

17-4-31 

17-12-35 

15-9-36 

21-4-33 t * 

10-5-37 

20-12-34 

17-4-31 
1-1-31 t * 

31-10-36 -!■ * 

20-4-36 * 

20-4-36 t * 
1-2-36 

9- 11-35 
31-10-35 

10- 5-35 t * 

3-4-33 

29-2-32 
17-4-31 * 

1-1-30 t * 
17-4-31 * 

10-5-37 
f- 3 


Alphabetical List of iSIenibei's 

Bhatia, K.B., I.C.S., Magistrate and Collector, Shahjalianpnr. 

Bhatia, M.L., il.Se., Lecturer in Zoology, Lucknow I niversity, 
Lucknow. 

Bhatnagar, Bireiidra Kumar. B.Sc., 207 Mcdonnell Luicersity 
Hindu Hostel. Allahabad. 

Bhatnagar, S.S., D.Sc., O.B.E., Profes.sor of Chemistry, Govern- 
ment College, Lahore. 

Bhattaeharya, Abani Kumar, M.So., Lecturer in Chemistry, 
Bareilly College, Bareilly. 

Bhattaeharya, A. K., D.Sc., Chemistry Department, .Mhiliabad 
University, Allahabad. 

Bhattaeharya, D.P., M.Se., Bareilly College, Bareilly. 

Bhattaeharya, D.R., M.Se., Ph.D., Doeteur es Sciences. Professor 
of Zoology. Allalmbad University, All.ahabad. 

Bo.se, D.M., M.A., B.Se., Ph.D., Palit Professor of Physics, I'ni- 
versity College of Scietiee and Technology. 92 Upper Circular 
Hoad, C.aleutta. . 

Bose, X.K., Ph.D., Mathematic.al Officer, Irrigation Research 
Institute, Lahore. 

Burridge, W.. D.M.,i[.A. (O.von.), Professor of Physiology, Lucknow 
I'niversity, Lucknow. 

Caleb, J., B.Se., M.Se., L.T., Biology Department, Ewing Christian 
College, Allahabad. 

Chak, Chandramohan Nath, M.Sc., Profe.ssor of Education, 
Secondary Training College, Bombay. 

Chakra varty, D. N., D.Sc., Professor of Chemistry, King Edward 
College, Amraoti, Ber.ar. 

Champion, H.G., M.A., Sylvicnlturist, Imperial Forest Research 
Institute, Dehra Dun. 

Chand, Tara, M.A., D.Phil., Principal, K.P. University College, 
Allahabad. 

Charan, Shyama, M.A., M.Sc., Agra College, Agra. 

Chatterji, A. C., D.Sc., Dr. lug.. Chemistry Department, Lucknow 
University, Lucknow. 

Chatterji, G., M.Sc., Meteorologist, Upper Air Observatory, Agra. 

Chatterji, K.P., M.Sc., A.I.C., F.O.S., Reader, Chemistry Depart- 
ment, Allahabad L niversity, Allahabad. 

Chatterji, N.G., D.Sc., H.B. Technological Institute, Cawnpore, 
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Date of 
Election 

il-2-34 

31-10-34 t 

J 7-12-35 

19-3-31 

10-5-3T 

10-5-35 t 

31-10-35 

1-2-37 

28-10-32 

22-12-32 

19- 3-31 
17-12-35 

29-7-30 

20- 4-36 t 

15-9-37 

17-4-31 

31-10-35 

29-2-32 

17-4-31 

1-1-30 t 

31-10-35 


Alphabetical List of Members 

Cliaturvedi, Pandit Champa Ram, Professor of Mathematics, 
St. John’s College, Agra. 

* Chaudhnri, H., M.Sc., Ph.D., D.I.C., Hoad of the Department of 

University Teaching in Botany, Punjab University, Lahore. 
Chaudhury, K., Ahmad, M.Sc., Wood Technologist, Imperial Forest 
Research Institute, Dehra Dun. 

Chaudhury, Rabindra Hath, M.Sc., M.A., Mathematics Department, 
Allahabad University, Allahabad. 

Chaudhury, S. S., M.A., M.Sc., Kadam Kuan, P. O. Bankipore, 
Patna. 

* Chopra, R. N., Lt.-Col., C.I.E., M.B., I.M.S., Director, School 

of Tropical Medicine, Central Avenue, Calcutta. 

Dabadghao, V.M., Physics Department, College of Science, Nagpore. 
Gandhy, Darabshaw J., Esq., Agricultural Institute, Naini, E. I. R. 
(Allahabad). 

* Das, A.K., D.Sc., Upper Air Observatory, Agra. 

* Das, B. K., D.Sc., Professor of Zoology, Osmania University, 

Hyderabad, Deccan. 

* Das, Ramsaran, D.Sc., Zoology Department, Allahabad University, 

Allahabad. 

* Das Gupta, S.N., M.Sc., D.I.C., Ph.D., Reader in Botany, Lucknow 

University, Lucknow. 

Dass, A. T., Dharam, M.Sc., 13 Strachey Road, Allahabad. 

Datta, S., D.Sc., D.I.C., Professor of Phy,sics, Presidency 
College, Calcutta. 

Dayal, Jagadeshwari, M.Sc., Zoology Department, Lucknow 
University, Lucknow. 

Deodhar, DJB., Ph.D., Reader, Physics Dejoartment, Lucknow 
Universitj’-, Lucknow. 

Dcsai, M. S., M.Sc., Professor of Physics, M.T.B. College, Surat. 
Deb, Suresh Chandra, D.Sc., Research Physicist, Bose Institute, 
Calcutta. 

Dey, P. K., M.&c., LA.S., Plant Pathologist to Government, United 
Provinces, Nawabganj, Cawnpore. 

Dhar, N. R., D.Sc., Docteur es Sciences, P.I.C., I.E.S., Professor 
of Chemistry, Allahabad University, Allahabad. 

Dube, Ganesh Prasad, M.Sc., Lfectarer in Physics, Balwant Rajput 
College, Agra, 
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20- 4-36 * 

22-2-33 

20-4-36 * 

S-11-33 t * 
19-3-31 * 

19- 3-31 

20- 4-36 t * 
31-10-35 

17-4-31 * 

10-5-37 


17-4-31 


10-5-37 


10-5-37 


21-12-36 


10-5-37 


Alphabetical Ijij^t of Members 

Dubey, V. K., M.Sc., Ph.D., Professor of lu'oiioiilic 

Hindu University, Benares, 

Dutt, xL K., D.Sc., Research Physicist, Buse Resf.mrch fiisiiiiite, 
Calcutta. 

Dutt, S. B., D.Sc , Reader, Clieinistry Departiiierit. Allahabad 
University, Allahabad. 

Dutt, S. K., M.Sc., Zoology Department, Allahabad University, 
Allahabad. 

Gaoguli, P. B., D.Sc., Professor of Chemistry, Science t.’ollege, 
Baokipore P.O., Patna. 

Ghatak, Narendraiiath, M.Sc., D.Sc., Chemical Assistant, liidiaii 
Stores Department, troveninieiit Test House, Alipore, Caieiitta. 

Ghosh, J., M. A., Ph.D., Professor of Mathematics, Presidency (Jo! lege, 
Calcutta. 

Ghosh, J. C., D.Sc., Professor of Cliemistry, Dacca lAiiversity, 
Dacca. 

Ghosh, R. iSh, D.Sc., Physics Department, Allahabad i, niversity, 
Allahabad. 

Ghosh, Satyeshwar, D.Sc., Chemistry Department, Allahabad 
University, Allahabad. 

Ghosh, S. L., Ph.D., Professor of Botany, Government College, Lahore. 

Gulatee, B. L., M.A., Mathematical Advisor, Survey of India, Debra 
dun. 

Gupta, B. M., Ph.D., Deputy Public Analyst to Government, United 
Provinces, Lucknow. 

Gupta, K.M., AI.Sc., D.Sc., Professor of Biology, M. T. B. College, 
Surat. 

ITiggiiibottom, Sam, D. Phil., Principal, .Vilahabad Agricultural 
Institute, Naini, E. I.R., x\llahabad. 

Husain, M. Afzal, M.A., Principal, Agricultural College, Lyallpiir 
(Punjab). 

Husain, Qazi Mohammad, M.A., LL.B., Bar-at-law, Pro-A ice- 
Chaiicellor, Osmania lAiiversity, Hyderabad, Deccan 
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Asiatic Society of Bengal 


National Institute of Sciences of 
India 

57 

55 

55 

Indian Association for Cultivation 
of Science 


Journals. 

Proceedings of the ,Mii Pi 
Society 

Proceedini^s of the Indian -\eadeiiiy 

of Sciences, Section A 
Section B 

Journal of the Iiidiiui Jii.stitnte of 
Science, Section A 
„ Section IP 
Current Science 
Kleetrotecliiiics 

Proceedi!i|.es of tiie Society of Biolo- 
gical Chemists. India 

lleport of the llaffkiiie Institute 

Journal of the Asiatic Society of 

Benjial (Letters) 

Journal of the Asiatic Society of 

Bengal (Science) 

A'ear Book 

Journal and Proceedings of the 
Asiatic Society of Bengal 
Transactions of the National 
Institute of Sciences of India 
Indian Science Abstracts 
Proceedings of the National Institute 
of Sciences of India 
Keport of the Council of the National 
Institute of Sciences of India 
Indian Journal of Physics and Pro- 
ceedings of the Indian Association 
for the Cultivation of Science 


20 



( 30 ) 


Publishers 

CALCUTTA 

Bose Eesearcli Institute 

Indian Science News Association 
Indian Chemical Society 

Oxford University Press 
COONOR 

Nutrition Research Laboratories 
MADRAS 

Department of Fisheries 
Jiladras Government Museum 

NEW DELHI 

Industrial Research Bureau 

Imperial Council of Agricultural 
Research 

5 ? 

5 ? 

?? 

NAGPUR 

Nagpur University 

HYDERxVBAD (DECCAN) 

Osmania University 

PATNA 

Philosophical Society, Patna Science 
College 

POONA 

Indian Meteorological Department 

3? 


Journals 

Transactions of the Bose Research 
Institute 

Science and Culture 

The Journal of the Indian Chemical 
Society 

Indian Physico-Mathematical Journal 

Publications of the Laboratories 

Journals, Administration Report 

Bulletin of the Madras Government 
Museum, Natural History Section 

Bulletin of the Indian Industrial 
Research 

Indian Journal of Agricultural Science 

Indian Journal of Veterinary Science 
and Animal Husbandry 

Scientific Monographs of the Imperial 
Council of iVgricultural Research 

Agriculture and Livestock in India 

Nagpur University Journal 

Journal of the Osmania University 

Bulletin of the Patna Science College 
Philosophical Society 

Scientific notes 

Memoirs of the Indian Meteorological 
Department 



i-^OREigy 


Publishers 


Joiirua'Ls 


Australia 


ADELAIDE 

The Royal Society of South Australia 

EAST MELBOURNE 

Council for Scientific and Industrial 
Research 


Radio Research Board, (ojuncil for 
Scientific and Industrial Research 


Transactions of the Royal Society of 
South Australia 

Journai of the I’ouncil for Scieiitilic 
and Industrial Keseai'cli 
Pani|>hiet of the ( buncii fur Scientific 

and Industrial Research 
Annual lie]>ort 

Bulletin of the Radio Resei'irdi Board 


ilELBOURNE 

Royal Society of Victoria 

SYDNEY 

Royal Society of New South Wales 


Proceedint!:-'5 of the Royai Society of 
Victoria 

Journal and Froceedin*|s of the Royal 
Society of New South Wales 


VIENNA 

Akademie der Wissenschaften 


•>1 


Austria 


Anzeij^er (ilatheniatiseh-iiaturwiss- 
enschaftliche Kiasse) 

Anzeiger (Fliilosopliisch-liistorische 
Kiasse) 

Alinaiiach 


Buuojum 


BRUSSELS 

L’Acaclemic Royale de Reljiique Bulletin de la Clause de;= Seieiiees 

Annuaire de I’Aeademie Royale de 
Belgique 

Bhazil 

RIO DE JANEIRO 
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ADDEESS OF THE PRESIDENT 


III welcoming the distinguished visitor the President of the Academy, Prof. 
B. Sahiii, made the following remarks : 


Ladies and Gentlemen, 

It is with no ordinary pleasure that I welcome, on behalf of the Academy, 
our distinguished visitor, Pandit Jawaharlal Nehru. That the erstwhile President 
of the Indian National Congress should have agreed to preside over the annual 
meeting of the National Academy of Sciences is a happy sign of the times. His 
visit to us at the present time is particularly opportune. In this period of rapid 
transition 'we most need contact with those, like him, who have a synthetic out- 
look on things. For, although the politician and the scientist are governed by 
different codes of discipline, the ultimate aim of both is the same : freedom through 
self-expression. And, of course, the spirit of Science is of the very essence of 
independence. 

But between politics and Science there is this important difference that 
Science, with all its tradition of discipline, is nevertheless essentially a school of 
unfettered thought where authority, as mere authority, counts for nothing. In a 
sense, therefore, Science, if it does not directly foster, is at any rate not averse to 
the mentality of the heretic or of the rebel — even of the revolutionary — by which 
I mean, in the widest sense, the mentality of the man who ventures the untrodden 
path. And, after all, who can say that this mentality of the rebel or of the heretic 
is not absolutely essential to human progress ? 

Professor Salmi then delivered his address. 

REVOLUTIONS IN THE PLANT WORLD 

Presidential xIddress Delivered at the Annual Meeting op the Academy held on 

Saturday, March 5, 1938 

By B. Sahni, MA., D.Sc., Sc.D., P.R.S. 

Professor of Botany, University of Lucknow 

As the subject of my address today I have chosen a small theme embraced 
by that ocean of ideas that we call evolution. The particular aspect that I propose 
to deal with is Revolutions in the Plant World. 

As in the history of nations, so also in that of plants and animals, we find that 
after a period of gradual change, which we generally call evolution, there comes 
inevitably a revolution a period of rapid transition, when the balance of relations 
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becomes upset and tlimgsbegm ,, aifferent plane. It would 

almost seem as i£ the very conditions that at first retard progress serve, in time, to 
ring about an acceleration, like the sediments that dam up the course of a river 
which some day must burst its banks to find a freer outlet for its pent up waters. 

Ihese revolutions in the organic world are the landmarks of geoiogiea! history. 
Each of them marks a large-scale extinction of plant and animal life as well as a 
more or^less sudden appearance of forms of life previously unknown. So strik- 
mg is this fact of the sudden appearance of new species, genera and families that 
itism.sharpconflict with the Darwinian doctrine of natural seleetioii as the only 
or even the chief explanation for the origin of new forms of life. Evolution in t!m 
sense of a gradual, orderly process of change is an undisputed fact. But evolution in 
this gradual sense is not the 'whole of organic evolution as revealed by the geological 
lecord. Periodic revolutions are an integral and essential part of evolution, and 
it may well be that they form the more important part, so far as the creation of new 
forms is concerned. At all events the orthodox idea of natural selection throiigli 
the gradual accumulation of continuous variations utterly fails to explain some of 
the glaring facts of palaeontology. 


The Major Eevoix’tions in the Plant Wokli? 

I am not referring here to mutations in individual species, but to traiisfonBii- 
tions on a large scale, affecting a whole flora or fauna, such as we find when we 
trace the history of plant and animal life through geological time. The facts 
have been reviewed more than once by such eminent palaeobotaniXs as the late 
Dr. D. H. Scott and Professor Sir Albert Seward. Speaking in broad terms, 
there were four or five such major revolutions, which Professor Sew’ard has aptly 
called hiodal points in the history of evolutionl^ 

(i) The first appearance of vascular plants must have marked a tremendous 
advance in the history of plant life. The date of this important event is still 
unknown but some early members of this land flora have been traced back 
to the Silurian period. An essentially similar type of vegetation seems to have 
continued through the Lower and Middle Devonian. (/V) But then a widespread 
change ushered in the flora which is familiar to us in the coal measures of Europe and 
America. This flourished during the Later Devonian, Carboniferous and Permian 
times. Till after the end of the IMlddle Carboniferous this Palaeozoic vegetation wms 
fairly uniform in the northern and southern hemispheres. (///) But in the Late 
Carboniferous and Permian floras we find a sharp contrast between the north and 
the south. The original southern flora wms mostly killed out by a climatic 


1 Seward (1923), p, Ixix. 
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revolution and there emerged a unique type of vegetation, the so-called Glossop- 
icris flora, of which the origin has always been a great puzzle. We cannot call this 
change, great as it was, a worldwide transformation, but it was certainly one 
of the major events in the evolution of the plant world. We may conveniently 
speak of it as the Gondwana revolution, after the southern Gondwana continent 
on which the new flora mysteriously made its appearance, {tv) With the end of 
the Permian or early Trias the sharp contrasts between the northern and southern 
provinces disappeared. We find the essentially Palaeozoic flora, with its dominant 
seed ferns, Cordaiteae, giant lycopods and calamites now giving place to a more 
modern type of vegetation. Conifers and c^mads are now much more prominent, 
while among the ferns several modern families can be recognized. The change is so 
abrupt that it threatens to shake one^s faith in the doctrine of continuity in evolution, 
(r) The last great transformation came — or, to be more correct, became evident — 
in the early Cretaceous. As is the case Avith all revolutions, its beginnings must 
have been much earlier than its outward manifestation. We are now introduced to 
a ncAV flora, essentially similar to that which we see today, with flowering plants as 
the dominant race. The early Cretaceous angiosperms are quite modern in their 
structure, and distinct from any knoAvn in the older rocks. In spite of much recent 
work tending to trace the origin of the angiosperms to the earlier strata the gap 
remains essentially unbridged : of real links with the Jurassic we know very few. 

These are, briefly, the main landmarks in the history of plant life ; and 
similar ‘nodal points^ are seen in the fossil history of animals. 

Breaks ik the Life-lines : Are they Eeal or Apparent ? 

These revolutions in the organic world are one of the most striking revelations 
of palaeontology, as they still remain one of its greatest riddles. The question is, 
ill these gaps in the record be ever filled up by further research, or are they real 
breaks in the life-lines of the plant kingdom ? Is the earth^s crust a book of which 
pages here and there have been torn out and lost, or is it that these pages never 
existed, and Ave haAm to seek elsewhere for an explanation of the gaps in the 
story ? 

To some extent, no doubt, the suddenness of the change obseiwed in a 
palaeontological break is unreal. We can never hope to knoAV in the fossil state all 
the forms of life that have existed. Many of them Avere either not preserved or their 
lemains were denuded aAvay Avith the strata in AAfliich they Avere contained. Although 
man} gaps in. the rock-record in one area are supplied by fossiliferous deposits 
elsewhere, there must be many forms of life of which no trace Avas left at all. 

The imperfection of the geological record is a fact of which the true Amlue 
Avill probably neA^er be estimated. But even after making the most liberal allowance 
for it the suspicion remains that it cannot account for eA’^erything. Even if we 
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examine the known fossil record as a whole we find serious in the evoliit/e-iiinry 
sequence which defy explanation, for they occur even wher<^ the strata iit^ in a 
conformable series. On a small scale these j?aps are familiar to the f>ri!aemitf>io^i:^t 
because on them depends the zonal classification of rock systems, lint soimniines 
we find even big changes in the fossil contents of an apparently conformable seric,^^. 
In the Narrabeen stage of the Hawkesbury series in New’ South Wales the lower 
part contains a typical Glossopieris flora while only a few’ feet higher up, apparcfntiy 
without any serious break in the sedimentary sequence, there occurs a flora witli 
ThinnfeUha (T)icroi(lium) and other forms, showing hardly any reseiiiblaiiee with 
the earlier flora. Even if a few plants occur in common between the tw’o the 

general facies of the flora has completely altered. 

Now’, it is easy enough to imagine the extermination of a group, or e\'en the 
greater part of a flora, as the result of a climatic revolution or through the intro- 
duction of new biotic factors. But what is difficult to picture is the sudden creation, 
apparently without intermediate forms, of a new group of plants or a new’ flora. 
It is with these sudden appearances that I shall mainly concern myself today. 

Speaking of the great palaeoiitological break between the Palaeozoic and 
Mesozoic eras Professor Sew’ard made the following remarkable observation about 
fifteen years ago.^ He said 

‘‘ The threads of life seem to have almost snapped, and om 'wonders whence 
came the new arrivals which, to our restricted vision, apiiear as aliens 

rather than the direct descendants of Palaeozoic types We may 

be led astray by a too rigid faith in the doctrine of continuity.’’ 

And again, referring to the periodic upheavals of the earth^s crust and the 
birth of mountain ranges, he added 

revolutions in the inorganic wmrld ...... had their counterpart in the living 

world. Some chains of life wmre destroyed ; a few persisted in an 
attenuated form, still producing an occasional new link, while from time 
to time fresh chains were forged.^’ 

Professor Seward was so impressed by the evident discontinuity between the 
life-lines of the Palaeozoic and those of the Mesozoic that he suggested that some of 
these fresh chains might even be wuthout coimection with those along which life 
had evolved in an earlier age. 

Coming from a confirmed evolutionist, brought up in the old Darwinian school, 
and with an unrivalled experience of the botanical record of the rocks, these 
remarks could not fail to create something of a sensation. But tliere can be no 


1 Seward (1924), p, xc ; sec also Reward (1922). 
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doubt that this picture of apparently unconnected chains of evolution, both in the 
organic and in the inorganic world, is strictly true to the observed facts of geology. 
In the absence of a satisfactory explanation a tentative hypothesis, however 
speculative, is better than a blank confession of ignorance, or a disheartening appeal 
to the imperfection of the geological record. And in this sense Professor Seward'^s 
idea of actual disjunctions in Plant Life through the Ages was a definite step 
forward. 

But nevertheless, to most modern biologists any hypothesis of the origin of 
entirely new^ and unconnected lines of evolution must seem bold. And I confess 
that to me the sudden emergence of the Olossopteris flora from the Grondwana Ice 
Age remains as much of a mystery as my first experience of a Jack-in-the-box I 

Among others who have discussed this question are the great French palaeo- 
botanists Grand^Euiy and Zeiller, Dr. Guppy, the late Dr. D. H. Scott and 
Prof. Paul Bertrand. 

The Idea of Mutation applied to Fossil Fop?^rs : A French 
Theory of Metamorphosis 

Grand^Eury, with his long experience as a field geologist in the Coal Measures 
of France, tried to apply De Vrieses idea of mutation to the succession of species 
in the strata. He was impressed by the sudden way in which one species of a genus 
gave place, in a succeeding bed, to another resembling it but yet quite distinct, 
and without any evidence of intermediate forms. ^ This he observed not in isolated 
species, but in groups of them. Thus the species Pecopteris clentaia Br., P. 
arboreseens Br., and Splwiophyllum filiciihne Lesq. were succeeded respectively 
by Pecopteris Biotu Br., P. Schlotheimii Goepp. and Sphenophylluin ohlongifoliiim 
Ger. Similarly Odouiopteris Reiehiana Gut. he regarded as ancestral to 0. minor 
Br. Such instances are, in fact, common enough, both in the plant and in the animal 
kingdoms : they supply the very basis for the zonal subdivisions of a rock-system. 

One may, of course, say that these breaks are only apparent, not real. 
Dr. Scott did suggest that the succession of species in a continuous series of beds 
does not necessarily represent the course of evolution. What we actually find 
may rather be the result of migration, and the origin of the new species may have 
taken place elsewhere.^^' And yet, with all the intensive work that has now gone 
on for decades, the missing links still elude us. Did they ever exist at all ?, we 
ask. Grand^Eury, following De Vries, answers No. So all our search was for nothing. 
For aught he can say, there might have been a metamorphosis of one species into 
another^ brought about through an [internal directive force like that in the life of 
a frog or of an insect. 

^ Grand’Eury (1906) p. 25. 

^ Scott (1924). p. 220. 
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So much for Grand^'Eury^s theory of the transformation of species in ireologlciil 
time: essentially, as we have seen, a De Yriesiau idea. But these transfoni'ialiciris 
would hardly make a revolution in a flora unless the change overtook tlie iBaji^rity 
of species at the same time. Zeiller^ took the idea a step further a?id suggested 
that mutations may have occurred not only in species but even in groups of higher 
rank, entire families arising at a bound from others pre-existing. Evidently he 
also thought that too much had been made of the imperfection of the record. 

It would seem that certain facts of palaeobotany do lend some support to 
ZeilleEs idea. Let us consider the geological history’ of two ancient families of ferns, 
the Zygopterideae and the Osmundaceae. Most botanists agree tliat there is 
a phylogenetic relation between them. If we compare the extreme iriemi,K'rs of 
these two groups we can find hardly anything in common between them. And yet 
there is a genus like Grcnnmatopterh which links them so closely togetlier that it is 
difficult to decide whether it is a member of the one family or the other. llie 
zygopterids, after making a number of vain eflorts at survival, witnessed in the 
bizarre forms of their leaf traces, became extinct in the Permian and at the same 
time, as though from their ashes, arose the Osmundaceae, which survive to this 
day. The flowering plants seem to arise suddenly in the Lower Cretaceous, 
but just about this time a vast group, the Bennettitales, had become extinct, which 
for many years have been regarded among the nearest known relatives of the 
primitive angiosperms. 

An idea somewhat similar to that of Zeiller was suggested in PE 9 by Dr. li.B. 
Guppy.^ According to him the evolution of flowering plants took place in two 
successive stages. In the first stage the great families of angiosperms were created. 
“It was an age of mutations, free and unchecked, and an age of uniformity of con- 
ditions.^' The second stage marked an era of differentiation in response to climatic 
and other changes. This is the era of the modern angiosperms, which may be said 
to have begun with the Cretaceous period. Although Dr. Guppy coniines his 
remarks to the history of the angiosperms, it may be assumed that he would agree 
to apply the same general theory to other groups. Dr. Scott has shown, however, 
that the theory cannot stand a close analysis. For one thing, vre know 
nothing of the time or the manner in which the first angiosperm families 
arose. Secondly, there is no evidence that conditions were uniform during the era 
of creation of the angiosperms, because this must have coincided with the era of 
differentiation of earlier groups such as tiie cycads, conifers and ferns which 
according to Dr. Guppy's hypothesis must have demanded varied conditions of 

climate. 


1 Zeiller (1907). ^ f'ahni (1932) ; Corsiu (1937). 

^ Guppy (1919). 

F. 7 
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Another ingenious theory we owe to the distinguished French palaeobotanist 
Professor Paul Bertrand. He explains in quite an original way the sudden appear- 
ance of the different groups of vascular plants in the geological scale. Like other 
modern biologists he has grown sceptic about the genealogical trees that were once 
so much in vogue. Many of us now agree that most of the great groups of the 
plant kingdom probably originated much further back than we 'were accustomed to 
believe. But Professor Bertrand takes the idea to the extreme point. According to 
him not only did all the great phyla of vascular plants arise quite independently of 
each other^ but they originated simultaneously and as far back as the Archaean 
period- The fact that in the geological record the different groups come into 
evidence at different periods, often suddenly and without any precursors, he explains 
by reference to the well-known antithetic theory of the alternation of generations. 
The origin of the sporophyte from the gametophyte he regards as a sort of 
metamorphosis comparable with that seen among the insects and the amphibia. 
Professor Bertrand writes : “ The gametophyte or prothallus is in fact a larval 
stage which may persist as such through millions of years till conditions favourable 
for a completion of the metamorphosis are realised.*’^ ^ 

These prothallia or larval stages of plants are of various kinds. They are 
familiar to us in the Hepaticae, the Lycopodiales, the Psilotales and other groups. 
Often they are capable of perennating from year to year, and even of propagating 
themselves by buds and bulbils without the help of the sex organs. 

Under certain conditions the dormant sex function becomes active and an 
embryo or sporophyte is formed as a sort of intercalation in the life-cycle. Like 
the prothallia, these sporophytes are subject to variation and differentiation in 
response to varied conditions of life, with the result that they evolve into so many 
species of vascular plants which we can now group into genera, families and orders. 

If the course of events has been as here visualised, it becomes easy to under- 
stand Professor Bertrand when he says that we shall never find any Angiosperms as 
such in the pre-Cretaceous rocks, for the simple reason that these plants were 
then still in their prothallial or larval condition. With the dawn of the Cretaceous 
period the long-expected metamorphosis came and we see the angiosperms suddenly 
appearing in the form in which we know them today. 

T^ou will agree that Professor Bertrand^s hypothesis is nothing if it is not 
ingenious. Its chief merit is that it appears to solve one of the greatest puzzles of 
palaeontology without an appeal to the imperfection of the geological record. One 
feels tempted to follow it up in all its implications, particularly in connection with 
the theory of recapitulation, but this will lead us rather into a side track. 


^ Bertrand et Corsin (1936), p. 465. 
® Bertrand (1937), p. 1253. 
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These coiiraf^eous attempts to explain the transformations in the orgaiiie i-voriil 
at least indicate that we have advanced well beyond the Darwinian era. We no ionixor 
seek to explain everything by pleading the imperfection of the geological rcc'ord. 

Bertrand’s bold hypothesis cannot be proved, but there secans nothing iiiliereiit" 
ly opposed to the idea. We all know the classical example of that Mexican newt, the 
axolotl, which, for all we can say, reached its full development for the first time 
when it metamorphosed in captivity in the Jardin des Plantes at Paris. In the filant 
world too we know instances of species permanently arrested in the embryonic or 
seedling stage. 

Thus, to all appearance Wehcitschia is an ‘\adult seedliiig.^^ The 
vegetative organs are arrested at the seedling stage, the reproductive organs are 
mature. As suggested several years ago/ it would be an experiment worth per- 
forming to try and cultivate this plant in an environment where it could develop its 
vegetative organs also into the adult stage. The peculiar cytologicai Oeliavioar of 
the gametophytes may be in some way connected with the hard life the |)la!it lias to 
lead. The restricted distribution of this aberrant monotypie genus on the edge of the 
S- W. African desert suggests that it is a species fallen on evil days, fighting aganist 
the forces of extinction by husbanding its vegetative resources for the more urgent 
demand of reproduction, like the precociously mature children in a starved popula- 
tion, The case seems parallel to that of the ephemeral flora of higli altitudes 
and high latitudes "where the season is too short to allow of a full \egetati\e 
development before flowering sets in and the seed must be formed against the 
approaching frost. I am reminded of a yellow carpet of flowering seedlings of a 
composite which I saw during a trek in Ladakh in the summer of 1920. They were 
eking out a precarious existence under the shelter of overhanging rocks at a height of 


15,000 ft. above sea level on the Rupshu plain. 

The case of Pkylloglossiim is known to all students of botany. It affords anotlier 
instance of arrested development, the spore-producing stage supervening soon after 
the embryo is able to support itself. Perhaps one day shall have experimental 
vindication of Treub's theory of the protocorm. For it is by no means inconceivable 
that in these days of hormones the protocorm of Phylloglossiim may be^ induce 
(like the axolotl) to mature into a fully developed LycopodiumAike vegetative body 


before it begins to produce sporangia. ^ 

From the work of Gudernatsclr we know that tadpoles fed upon thyroid extract 
metamorphose prematurely iuto pigmy frogs, urhilethe same larvae, thymus 

extract, grow into giant tadpoles and postpone their metamorphosis. It is possible 

that Klebs^s classical experiments on the artificial control of thallophytic hfe- 
histories will be extended to the lycopods and even to higher plants. 


1 Salmi (1925), p. 213, footnote. 
^ Gudernatsch (1912), p. 32.3. 
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I may seem ratlier to have digressed from the main track of my theme, but what 
I have attempted to bring to the fore is the great importance of the environment not 
only in the life-history of the individual but also in phylogeny. 

Genetic Consequences of the Impact of Environment 
But perhaps the most significant advance in this connection has been recorded 
within the last two decades in the field of cytogenetics.^ From palaeontology to 
cytology seems such a far cry that very few students of fossils have yet concerned 
themselves about these recent developments. 

Speaking for myself, I confess that until a few months ago I had no idea of 
the bearing of these results upon our present problem. In an address recently 
delivered in Calcutta I was speculating on the sudden appearance, over a vast 
southern continent, of the Glossopteris flora immediately after the Gondwana 
glaciation. There can be little doubt that this flora wms at least largely an indi- 
genous product ; it must have been evolved in Gondwana Land itself, from the 
hardier elements of the pre-glacial flora that survived the Ice Age, sheltered in 
ravines, on nunataks and in other local asylums. As the ice gradually melted away 
these few survivors must have found the conditions almost ideal for rapid 
multiplication, evolution and dispersal. And I tentatively suggested that “ It would 
almost seem that exposure to the rigours of the climate had quickened the pace of 
evolution, as if by inducing saltations on a large scale : a sort of natural vernalisa- 
tion, affecting not only the individual life-cycle, but the rate of evolution of species, 
possibly through aberrations in the nuclear cycle.^^ 

In vernalisation a temporary chilling of the early stages of germination 
quickens the rate of development. The life-history of the individual is 
telescoped into a shorter span of time. I am not aware that anyone has studied 
the cytology of vernalised plants. It would be interesting to know whether this 
telescoping effect is the outward manifestation of a detectable chromosomal change. 
Other things being equal, even this kind of an acceleration would hasten the rate 
of evolution of species by producing a larger number of generations in a given 
period of time. But I meant to carry the analogy much further by suggesting that 
as a direct result of the glacial conditmis there might have been produced chromo- 
somal aberrations and gene imitations leading to far-reaching genetic consequences. 
At the time these ideas occurred to me I had no tjonception of the remarkable 
results already achieved in recent years by a number of workers in cytogenetics — 
results based not only upon observation but upon experiment under controlled 


^ See the works by Dobzliansky, Sax, Timofeeff'Ressovsky and “ Current Science,^’ Special 
number on Genetics (193S). 

Sahni (1938), p. 13. 
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conditions. The fact is that a iar^c number of chromosome niiitatioiis have lieeii 
produced artificially in a siir|)risingly wide range of plants. 

Although this recent work is almost entirely the gn:)Wth of the la^t two (leeades 
— indeed most of it is the product of only the past ten or twelve years --the iitenitiiie 
IS already too vast to be considered here in detail. Nor can I claim to be able to 
review it critically, though it is only fair to add that the importance of these 
in the origin of new species and genera has been questioned, iiotaibly by Ib'Tlbeifc 


Nilsson. 

A brief statement of the recorded facts must suffice. Among tlie many agents 

that are now known to cause these aberrations are various chemicals, such as chloral 
hydrate and colchicine, narcotics and infections of various kinds such as may be due 
to fungal or insect attacks, short-wave radiations such as X-rays and ultraviolet 
rays, centrifuging, grafting, hybridisation and, whiit is of speciiii int(‘rest from our 
immediate point of view, extremes of temperature, both high and low. 

Confining our attention to the temperature effects alone, we sire introducef to 
an impressive series of works by a number of iiutliors whose ranks are steadily grow- 
ing. I can only name a few of them : Avery, Belling, Bergner, Bhikeslee, Borgensbim, 
Chizaki, De Mol, Dorsey, East, Elmanov, Farnham, Fernandes, Hagerup, Holimg- 
shead, Koshuchow, Kostoff, Lundegardh, Matsada, Michaelis, Mn..tzi..g, Xavashi.i, 
Peto, Radjably, Randolph, Rybin, Sakamura, Sax, Schioesser, Shunotomai, lakagi, 

Ternovsky and Tiscbler. _ 

The range of genera on which these observations and expenraents have b.-en 

made includes, among many others, Capmi, Crepk, Cnmmis, JJaUmi, EpMmun, 
Hordeitni, Nicotimta, Oenothera, Petunia, Pmim, Secale, Syringa and m. 

The cytological aberrations observed or induced affect both the vegetative am 
reproductive cells, and include, besides other irregularities, haploidy as well as 
various grades of polyploidy. In the roots of a plant the mitosis may be disorganised 
and a doubling of chromosomes may result (Lundegardh). In Bafum non-recbictmn 
ill triploid and diploid forms may be greatly increased by temporary cinllnig 
and Blakeslee). In Syriuga hyperchromosome gametes were produced as a result oi 
low temperatures during the division of the pollen mother cells (Borgeustam). In 
Zotiala ta,acam, at a temperature of -O'fi'C, a doubling of the chromosomes 
was observed in 20-25% of the pollen mother cells (Elmanov). By treating planri 

of winter rape to low temperatures during meiosis 8 - 13 % of totraploid plants were 

obtained (ScUotaer). Hetatoploid plnnta we p^need in EpMn,m ™i -e-fan- 

bv subiectino- the plants to a sudden reduction of tempeiature duui I 

floweriim (Michaelis). Irregularities leading to the formation of dwarf as we as giau 
poin^aSt tre observed as a result of temperature efi^ts during the divmioii of 
the pollen mother cells (Shimotomai, Matsuda). In CapMiuii Ros o in u 
irregularities iu the meiosis, resulting in polyploid gametes, by treating p an s wi i 



( 56 ) 


alteroatiog heat and cold. The case of rye is unique. The normal chromosome 
number is 14 (n = 7), but we now know a haploid produced by cold treatment, a 
tetraploid obtained by heat treatment and a triploid formed by the twin seedling 
method (Miintzing). Other irregularities under the effect of high temperatures are 
reported by De Mol, Chizaki, Randolph, Sakamura and others. 

Among the most significant observations in nature are those recorded by 
Hagerup, Mimtzing, Navashin and Tischler. An adequate idea of these remarkable 
Avorks can only be gained by a reference to the original sources. But I shall attempt 
briefly to revicAV these results as they strike a palaeobotanist enquiring into the 
plant revolutions of the geologicalp ast. 

Hagerup^s interest in this field led him to study cytologically the floras of 
extreme climates, for example, those of Greenland, Iceland and the Faroe Islands 
on the one side and, on the other, the flora of the hot and arid African Sahara near 
Timbuctoo : regions where the struggle for existence is keenest and “ natural selec- 
tion of the hardiest forms takes place. Empetrum hermapJiroditurn, a new tetra- 
ploid bisexual species described by him in 1927, is a genetically constant type, 
presumably derived from the unisexual diploid form E. nigrum. It lives in higher 
latitudes than its diploid progenitor, as if tetraploidy had given it greater hardiness 
and Autality. In the genus Bicorne.% which has a graded series of species (n = 6), 
X 2, X B, etc. up to x 8, Hagerup finds that it is always the highest polyploids of the 
series that grow furthest north. In the Sahara, too, he found that the polyploids 
differed from the diploids morphologically, ecologically, geographically and genetically. 
They were usually the largest individuals Tgigas^^ forms) and were more hardy 
against the heat and drought. Of three species of EragrosUs at Timbuctoo 
E. canihessediana^\Yit}x an annual which dies down in the hot weather; 

E. aUjida, with n = 20, lives in drier situations . on the dunes and is a perennial ; the 
hardiest form is the giant E. pallesceiis (n=40). 

Hagerup's observations on polyploid ecotypes in Vaccinium are equally interest- 
ing. F. uliginosum forma mierophylla (n = 12) is a dwarf diploid with a circumpolar 
distribution, Avhile the tetraploid form (n = 24) extends far and wide into 

Central Asia, Japan and N. America. Thus it is not always the form with the 
greatest number of chromosomes that is the hardiest. In 07'chis Hagerup finds that 
‘‘the tetraploid individuals have by far the greatest ecological and geographical 
range/^ extending furthest north in the Faroe Islands and N. Iceland. They also 
have a later and longer flowering period than the diploid forms. 

Among the few records from this country relating to this question is 
Bhadiiri^s (1933) statement that the common weed Solmium nigriwi is repre- 
sented in India by diploid, tetraploid and hexaploid races. Since in Europe 
and North America only hexaploids have been found, a southern origin for the 
species seems suggested. It would be interesting to know whether the diploid, 
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tetraploid and hexaploid forms sliow a progressive geographical range even 
witHn India. 

Miintzing ( 1936 ) has given an admirable analytical siininiary r>f the IiferatiiFe 
on polyploidy. While some authors,, like F. von Wettstein, are sceptic about tlic 
significance of polyploidy in the origin of new species, Miintzing belongs to tlic 
larger group of geneticists, including Hagerup, Tiscliler, Blakeslee, Avery, Jorgensen, 
Darlington, Babcock, Sax, Fernandes, Lilienfeld and others, who attach fiiriilaiiieiital 
evolutionary importance to it. 

Miintzing (1930) for the first time succeeded in creating ’’ a syntheiie s|>eeif^s 
Galeopsis Tetrahit (n = 16) by crossing G. piibe,Hr€ns {n~8) with (i. spfriosa (ii—SI, 
similarly Heribert Nilsson (1931) combined = 19) a 

(ii = 19)intoN.c//^erm(n = 38). Both the synthetic forms were already knowii to 
occur in nature, and presumably arose by hybridisation. Tliese facts are a striking 
vindication of Wingers theory of the origin of polyploids and of Lotsyls (1925} idea 
of the origin of new species by hybridisation. More receiitly (1935) the Japaiiose 
botanist U obtained Brassica nap7is (n=19) from />. mmpesfns and 


B. oleracea {n=9h 

This brings us to the fascinating subject of intraspecifie chromosome races, 
of -which Miintzing has made a comprehensive study. The great majority of these 
are intraspecifie polyploids, but sometimes it is difficult to decide whether we arc 
not dealing with two or more closely related but distinct .specie.*. Comparing the 
morphological characters of such polyploid races with those of expcnmental 
polyploids the conclusion is that an increase in the number of chromo.soracs vctv 
often goes hand in hand with a general quantitative increase m the body oi he 
individ^l, expressed in the term gigantism. Thus, compared with the diploid the 

tetraploid may be more robust, have a thicker and taller stem, krgerieaves^^l^^^^^^ 

flowers and larger seeds and pollen grains,^ even a larger cell size. But there i. 
an optimum for chromosome increase beyond which the individuals become less 

gical behaviou; and geographical distribution. We have seen that I- 
on the average more hardy, often have a more northern and alpine distrib. tion . ^ 
they may be better able to withstand extremes of heat and drought. It would almost 
seem as if any adverse conditions of climate may bestow hardiness upon a .specie^.. 

from the herb and shrub habit through a chromosome increase. 
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perennial species on the whole have higher chromosome numbers than the annuals. 
Fagerlind is even reported to have found that the summer form of one and the 
same species (e.g., Galium palnstre) may be a diploid while its autumn form is 
octoploid. 

These facts have an obvious importance in the invasion of new areas by 
hyperchromosome forms, which then are able to hybridise with forms previously 
inaccessible to them. Similar ideas have been expressed by Navashin, whose work 
on chromosome races in the genus Crepis is well known.^ 

Professor Tischler of Kiel has made statistical studies on chromosome 
numbers in relation to climate, ecology, geographical distribution and taxonomy, 
considering for the first time (1935) the flora of a province as a whole. ^ 

After a cytological analysis of tlie flora of the Halligen,^ a group of small 
islands in the North Sea liable to frequent flooding by sea water, Tischler finds that, 
among the weeds introduced by man, those that have become permanently settled 
to these difficult conditions are 100% polyploids while others, which are occasional 
visitors not yet completely acclimatised, have only 30% polyploids. The indigenous 
flora has 50%, that is, about the same percentage as Schleswig-Holstein, the 
northernmost province of Germany. In Schleswig-Holstein, we know the chromo- 
some numbers of as many as 73% of the species, and of these, according to 
Tischler, about half are polyploids. About the same percentage of polyploids 
occurs in East Prussia. Iceland, so far as available records show, has 55% while 
Sicily has only 30% polyploids. From such comparative data on the chromosome 
numbers of northern and southern floras in Europe, Tischler draws a conclusion of 
special interest in our present enquiry. He writes^ It seems reasonable to 
conclude that the influence of the glacial periods [of the Pleistocene age] has en- 
hanced the number’ of polyploids and decreased that of diploids, for the latter could 
not survive in the competition.'’^ 

The great frequency of polyploids among angiosperms (it has been conjectured 
that about half the angiosperms are polyploids) and the existence of so many series 
of chromosome multiples, indicate that polyploidy plays an important part in the 
origin of new species. As Fernandes (1931) says, it is reasonable to agree that it may 
have influence on the evolution of genera. 

Enough has been said to show how intimately this recent work has brought 
our problems of cytology into relation with the i^roblems of plant-geography, adapta- 
tion and evolution. One might well ask, if only Darwin and Wallace had had ar 


^ ^Navashin (19 ‘j5); (1929). 

^ Tischler (1935). 

3 Tischler (1937) ; (1937 a) 
^ Tischler (1937 a), p. 166. 
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kling of those remarkable results in their clay, what use would they not have nifidr* 
f them in the theoretical structure of their great work ? 

But what of that problem of revohdiotis in the plant world, which is liere our 
lain concern ? That ciuestion still defies solution, but after what we know of the* 
irect effect of climitic factors on the genetic constitution of plants is it imreason- 
ible to relate at least some of the great transformations in the plant kingdom with 
climatic revolutions in geological time? Cannot the Gondwana glaeiatioii, for 
example, have been directly responsible for initiating changes which resulted in the 
rapid evolution of a flora that was essentially new'? For, if it has been possible* 
for us to produce such startling results as those briefly described above witliin the 
brief space of hvo or three decades, is it impossible that climatic oscillatioiis on 
that vast continent, acting on a flora through thousands of years, may in t!ie 
of generations have induced changes of a revolutionary nature 1 

It must be confessed that even if the liypothesis here suggested is correct wc 
shall still have to assume that many intermediate types must have peri.died without 
leaving a trace, or that their remains should be looked for in the very earliest idant- 
bearing Gondwanas, even in the glacial beds fhetaselres. This will show at once 
how important it is to investigate these earliest of the Gondwana floras, |o»r at 
present the differences between the pre-glacial and post-glacial floras are too large, 
both in the degree of the change and in the number of forms affected : iu none of oiir 
experimental mutations have we yet been able to produce changes of such magnitude. 

Thus the main problem of organic revolutions stands where it was, but tlie 
broad fact remains that some of the periods of the most active creation new 
forms of life have coincided with the physical revolutions of the geological past. 
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